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This invention relates in general to regulating 
systems, and in particular to regulating systems 
utilizing a minimuïn excitation control device. 
A minimum excitation control device operates 
to supply a voltage to the excitation controlling ,5 
means of a dynamoelectric machine in a diï'ec- 
tion tending to increase the excitation of the 
machine when the excitation of the regulated 
machine tends to decrease below a predetermined 
minimum value. When the device is used in ]0 
connection with a voltage regutator which sup- 
plies to the excitation controlling means a con- 
trol voltage having a polarity and magnitude de- 
pendent upon the direction and magnitude of 
vaxiations in the output voltage of the machine 15 
from a predetermined value, it is desirable to 
limit the amplitude of the control voltage when 
the control voltage bas the polarity which causes 
the excitation of the machine to decrease, in 
order to limit the voltge which the voltage sup- 0 
plied by the minimum excitation control device 
must overcome. 
Prior regulating systems sometimes utilized the 
relation between the watts output of the machine 
and the excitation of the machine to provide 25 
minimum excitation control since this relation 
is a measure of the stability of a dynamoelectric 
machine. Such systems balanced a voltage which 
was a measure of the watts output of the regu- 
lated machine against a voltage which was a 80 
measure of the excitation of the machine, and 
utilized the dilTerential voltage, only when the 
former voltage exceeded the latter, to increase 
the excitation of the machine. 
Such systems bave the disadvantage that the 85 
relation between watt output and minimum ex- 
citation required for stability varies according to 
the voltage of the i]e being supplied by the 
gerïerator. That is, for a given watt outPut of 
the machine, the minimum excitation required 4O 
for stability of the machine increases when the 
line voltage decreases, and conversely. This ne- 
cessitates that the two balanced voltages men- 
tioned above be adjusted each rime the system 
voltage is changed by the action of tap changers 45 
or other causes, in order to maintain accurate 
minimum excitaton control of the machine ai 
all rimes. 
These disadvantages can be overcome by pro- 
viding a minimum excitation control device 5O 
which is independent of the output voltage of 
the machine and hence not affected by variations 
in this voltage. The relation between the in- 
phase .component of current supplied by the 
muchine and the excitation of the machine, for 5 

OFFICE 

2 
stable operation of the machine, is a linear one, 
and by utilizing a voltage which is a measure of 
this in-phase component of current in place of 
the voltage proportional to the watts output of 
the machine, a milimum excitation control de- 
vice which is independent of the output voltage 
of the machine may be obtined. 
If is therefore an object of this invention to 
provide a dynamoelectric machine regulating 
system utilizing a minimum excitation control 
device associated with a regulator which limits 
the maximum amplitude of a control voltage 
tending to decrease the excitation of the machine. 
It is u further object of this invention to pro- 
vide a dynamoelectric machine regulating sys- 
rem utilizing a minimum excitation control de- 
vice which is responsive to the; in-phase com- 
ponent of the current supplied by the machine. 
It is an additional object of this inven6-on to 
provide a dynamoelectric machine regulating 
system utilizing a minimum excittion control 
device which is independent of the output volt- 
age of the machine. 
Objects and advantages other than those stated 
above will be apparent from the ïollowing de- 
scription when read in connection with the ac- 
companying drawing, in which: 
Fig. 1 is a diagrammatic representation of a 
regulatlng system embodying the apparatus and 
circuit of this invention; 
Fig. 2 is a graph, the curves of which repre- 
sent the relationship between the voltages of 
the voltage responsive regu!ator of the invention; 
ig. 3 is a diagram vectorial!y showini the 
relationship between the electric quantities em- 
ployed in the minimum excitation control de- 
vice of the invention; and 
Fig. 4 is a graph showing the relationship be- 
tween the minimum excitation of the regulated 
machine and a characteristic of the current sup- 
plied by the machine for stable operation. 
Referring to Fig. 1, the invention is shown as 
applied to the regulation of a dynamoelectric 
machine  whlch supplles an alternating current 
load circuit represented by conductors ,  and 
. Machine  is provided with a field windng 
9, the energization of which ts supplied by a 
main exciter generator |0. Main exciter |0 is 
provided with a fleld winding || whtch Is ener- 
gized by an exciter generator |. The energiza- 
tion of a fleld winding |S of exciter |2 is sup- 
plied by an exciter generator 4. ield winding 
| of exciter | is connected to be responsive fo 
the voltuge of machine  and to the excitation 
of fleld winding 9, to generally maintain the volt- 
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age of machine 5 ai a substantially constant 
value only as long as the excitation of flel4 
winding 9 remalns above a Predetermine4 mini- 
mum value. 
Connected tobe resloonsive to varlations in the 5 
voltage of machine .5 from a predetermined value 
is a regulator which supplies to fleld winding 
a controlvoltage having a polarity and magni- 
rude dependent uloon the direction ana magni- 
rude oï variations in the voltage of machine 5-10- 
from a predetermlned value. The regulator may. 
be of any suitable type, but is Preferably of te 
kind disclosed and claimed in my c0pending ap- 
plication, Serial No. 114,751, flled September 9, 
1949, now Patent No. 2,576,646.. This reguiator 
comprises a lolurality oï nonllnear resonant cir- 
cuits, each circuit comprising the iprimary, wind- 
ing 25 of a saturable ransformer 2.6 connected 
in series with a capacitor 27. Each wlndlng 25 
may be shunted by small capacitor 32 for the 
purpose of sharpening the point of resonance of: 
the: nonlinear circuits. One such nonlinear cir- 
cuit is provided in each phase of the system and 
the. circuits are energized by a measure of the 
voltage of machine 5 through transformers. 7 25 
connected fo conductors 5, 7 and 8, aut0trans- 
formers 19 and booster transformers 21. 
Each saturable transformer 26. is provided with 
a secondary winding - for furnishing a voltage 
which is proportiona! to the voltage of ifs asso 30 
ciated primary winding 25. Capacitors -7-are 
connected to a resistor  through voltage reduc, 
ing resistors 31 and a three phase rectifier 
impress on resistor 6. a rectified voltage propor- 
tional to the average of the voltages of the capac, 35 
itors 27.. A three phase rectifier 35 is.connected 
fo secondary windings 29 of transformërs 26 to 
produce across a resistor 37a rectified voltage 
which is pïoportional fo the average.of the volt- 
ages of winding 29. Because of theconnecions 40 
of rectifiers 3 .and 3,. the voltage ofresistor 
opposes the voltage of resistor 7. Fieldwinding 
I of exciter 14 is connected across-resistor34 
and an adjustable, portion of resistor 37 through 
an  adjustable tap on resistor 3L-.and ils thereby. 
directionally.energized by a control .voltage equat 
to the difference between the voltages of resistor 
3-and of a portion of resistor 37. 
A resistor 36 in thè circuit of fiCd winding 
serres fo lower the rime constant of/this, circuit 50 
and thereby accelerate the response of. exciter 
fo variations in the differential voltage. Any 
suitable damping means, such as a-transformer 
4 having.a-pïimary winding 6 c0nnected:across 
exciter 16 and a secondary windîng 7 connected 
in the circuit of field winding I :may be,utflized 
fo Prevent hunting of the system. 
To provide means for limiting the amplitudeof 
a control voltage of a po]arity to decrease the 
excitation of field winding I, a rectifier 4and a 60 
filtering reactor 39 are connected in seriês acroSs - 
the outer terminals of rectifiers 33 and ] iRe6 
tifier 4 is so poled as fo b!ock thefiOw of Currént 
when the voltage of resistor 37 exceeds the,-¢olt 
age of resistor 64. When the voltage of Tsitor 
34 exceeds the voltage of- resistor 37, rectifie 
substantially short circuits resistors 34-and.-ST, 
thereby substantially equalizing the 7/)lages- of 
the resistors. This has the effect of ]imïting-the- 
maximum amplitude of the control Voltage 
applied to field winding 15 in a directïon tending 
to reduce the excitation of machine 5: 
It will be apparent that if field winding. 15 :Were, 
connected across the nonc0mmon terminalS of 
resistors 34 and 37, rectifier  would.institúteits. 
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limiting action when zero voltage exists on fielci 
winding 15. However, as a result of the connec- 
tion of fleld winding 15, as shown, to a terminal 
of resistor 34 and to the adjustable tap on resis- 
tor 37, when the limiting .action of rectifier 
takes place, the voltage impressed on field wind- 
ing 5. has reversed and reached' a.predeter- 
mined value fo permit limited revmse f0rcing of 
field winding i 
The variations in the voltages across capacitors 
-? and secondary windings 29 in function of vari- 
ati0ns.of, the output voltage of machine 5 are 
shown by the curves of Fig. 2. Curve 41 of Fig. 
2 represents the, portion of the rectified voltages 
15. of capaitors .  which is impressed on resistor 
Cuïve 2-represents the rectified voltage of trans- 
former secondary windings 29 as if appears 
across the portion of resistor $7 adjacent resistor 
S ' Bcause of the nonlinearity of the circuit 
20 comprising a winding 2iand a capacitor 27, ai 
lowvaiuesof linevoltage the.major parto.the 
voltage loroportional fo-the voltage .of machine 5;. 
which is impressed on windings 25-and-capacitor: 
2 ?,- is. absorbed by windings 25. l-lence, as the 
voltage Of machine 5 is increased  from zero, .th6 
voltageof windings . 5:increases steadily as shown- 
by curve 42 in Fig. 2, whil6the voltage of capaci,. 
tors«2 remains ai a low value as shown by,the- 
1ower. portion of curve   i, and differs.sulïicientl:. 
iittle from.the, value zero astro be. without:.an  
appreciable effect on theoperation ofthe 
However, ai a predetermined value of. thevolt. 
age of machine 5  the nonlinear circuits beconie. 
resonant: Ai this-predetermined value 
age oÏ capacitors 2 suddenly increases,as-show] 
by the steep portion ofcurve  i, while the.:voltage: 
of windings 2i remains substantially, constant. 
because- of the saturation- of. transformers 
resistòr . may be connected across eachcapaci- 
tor 27 toadjust .the slope of this portion' ocure 
41. Since thevoltage-of each secofdary windïng:. 
29 is directly proportional to the voltage;of/its 
associated primary winding 25; curve:42 :maF- be 
considered as prop.mtionally - representing :. theL 
voltàge of secondary windings 29 .asweH 
mary windings 
Curve @, obained by subtractingtheordinates:: 
of cuïve.al from those of curve 42,.reprêsentsthe. 
differential voltage applied to fi¢Id vindingïl 
the regulator ai varying values Lof thevoltage, of 
machine 5. 
In. accordance with this .invention, mèansL.are. 
provided fol" maintaining.the excitation.of_field: 
winding  above a variablepredetermiedmini, 
mure value. Such means include a thrC phase 
transformer 4 having ifs primary phase .wind 
ings 52 connected fo load conductors-5;  and/f; 
tobe thereby energized by-a voltage which .is 'a: 
measuve of the output voltage of machille:5: 
Tl'ansformer  is provided with seconclary'phase 
windings ,3a, 3b and 53c, of which windings ' 
b,. 53o only are connected in.star. The.ratio, 
between the turns o the primary and. secondàry: 
windings of transformer a9 may be of any suita.- 
65 ablë.value, in accordancèwith the-value :of.the. 
voitäge, of. conductors 6, ? and 
An, autotransformer 54 has its terminals:con-- 
nected to the noncommon terminals of the.sec- 
onday.phase windings 6$b, 53c fo produce acr0ss 
70 autota.nsformer 4 a voltage which is the result- 
ant of the voltages of the two interconnectéd... 
secondàry phase windings 53band 53c and. which:: 
is in-phase.with the phase.voltage of conductò«7 
A current transformer 55,-placed in series with:: 
7 the load ¢onductor 7, produces, across any(suit+ 



abJe impedance means such as a resistor 56, a 
voltage which is a measure of the current in load 
conductor 7. Owing to the connection of the 
secondary phase windings 53b, 63c, the voltage 
of resistor 66 is in phase with the voltage of auto- 
traformer  when the output of machine 5 is 
al unity power factor. 
Resistor 6 bas one of i terminals comaected 
to a conter tap on autotransformer 4 and the 
other of ils termina coected to the common 
terminal of the primary windings ],  of two 
traformers, provided with secondary windings 
 and . Winngs 5ï  6 ail have the saine 
number of turns. The terminals of autotrans- 
former S4 are connected to the noncoon ter- 
m{nals of primary windings ], 58. The voltage 
of secondary nding 5S wfll therefore be equal 
to the vectorial sure of the voltage of resStor SS 
and one:half of the voltage of autotransformer 
5, and the voltage of secondary winding S wili 
be equal to the vectrial difference betweenone- 
hall of the voltage of autotramformer 4 and the 
voltage of resistor . Secondary winng  is 
coected to the aiternating carrent terminals 
of any suitable known fullwave rectifier 6, and 25 
windg  is connected fo the alternating cur- 
rent terminals of a similar full wave rectifier . 
A resistor i is connected to the direct current 
termals of rectifier  and a resistor ]  con- 
nected to the alternating current terminals of 30 
rectifier 2. 
g. 3 shows the relation between the voltage 
vecrs of the ch..cuits of the minimum excitation  
control device described thus far. Vector 2 
represents te voltage of secondary phase wind- 35 
g b and vecr BC represents the voltage, of 
secondary phase winding c. Vector AC  the 
resultant of vectors AB and BC and represents 
the voltage of autotransformer , since auto- 
traformer 54 is connected across the noncom- 
mon terminals of windings 5b and 5c. P'oint 
D on voltage vector AC represents the conter tap 
of autotransïormer $ to which one terminal of 
resistor G is connected. 
The voltage of resistor ; which is a measuïe 
of the current in conductor "$ of the load circuit, 
is represented by vector DE in phase with the 
Voltage vector AC when the output of machine  
is at unity power factor. The voltage of resistor 
 is represented by another vector DF when the 
current in the !oad .circuit leads the output volt- 
age of machine  by an angle . Owing fo the 
coection of autotransfoïmer 5, resistor 5 and 
windgs ], 8, al uty power factor in the out  
put circuit of machine , the voltage of trans - 
former secondar winding $ is represented by 
the vector AE and the voltage of secondary wind- 
ing i is rep.esented by the vector EC. Since 
rectifiers 2 and $ are connected to secondary 
windings  and 8, respectively, il will be ap- 
parent that the dierence between the voltages 
oî rectifiers  and $ al unity power îactor wi!l 
be a voltage equal to twice the voltage of ïe- 
sistor B2. 
A a power factor angle of  in the output cir- 
cuit of machine , the voltage of rectifier 2 may 
be represented by vector  and the voltage of 
recréer  by vector FC. The comportent of volt- 
age DF which is in phase ,with the voltage AC may 
be obtained by projecting vecr DF al DG on vec- 70 
tor AC. By makg voltage AC large compared 
with voltage DF, the difference between voltages 
 and FC wfll be substantially equal fo the dif- 
ferenoe between voltages AG and GC, whi,ch dif- 
ference is directly proportional fo thê comportent 7 

of curren in the load clrcuiç in phase with 
voltage of the load circuit. 
The voltage of rectifier 62 will therefore exceed 
the voltage of rectifier 63 by an amount propor- 
5 tional fo the in-phase comportent of the current 
supplied by machine 5 to the load circuit, and 
this voltage difference may be utilized as 
measure of a characteristic of the currenç in the 
load.circuit. Transformer 49, autotransformer 
10 and resistor 66 therefore constitute measuring. 
means for producing a voltage which is a measure 
of a characteristic of the load current and recti-. 
fiers 62 and 63 constiute rectifier means ener- . 
gized by a voltage proportional to the in-phase 
15 comportent of the carrent supplied by machine 
to the load conductors. Il will be æeen that the 
voltage proportional to the in-phase comportent 
of current is independent of variations in the 
output voltage of machine , since this latter 
0 voltage effectively cancels itself owing to the con- 
nections of rectifiers 62 and 63. Il will be ap- 
parent that other suitable impedance means, 
such as a reaetor, should be used in lieu of re- 
sistor 5 to preseïve the desired voltage relations 
i the circuits if the connections of one of whdr 
ings .5b and c are reversed. 
Suitab!e means are provided to produce a volt- 
age which is a measure of the excitation of field 
winding 9 of machine 6. Such means may con- 
sist of a voltage divider, or a saturable reactor 
having a pair of magnetic cotes 6 and 66 sever 
ally associated with reactance windings ? and 
 and two control windings 6 and ]2. The volt, 
age divider or the control windings 69 and 
may .be connected in series ,with exciter I} and 
field winding  to be thereby traversed by the 
current in fieïd winding 9. Whfle the voltage 
divider or windings 69, ]2 may also be connected 
i parallel with fie]d winding 9, the series con- 
40 nection is preferable as the measure of excitation 
obtained thereby is independent of variations in 
the resistance of field winding  resulting from 
temperature variations. The control windings 
may comprise a variable number of turns 
a_5 pending upon the maximum current intensity in 
the field winding 9, and where the currents in 
field winding  are large, the control windings 
-ay ,consist of a straight section of bus bar pene- 
trating through the window of the associated re- 
50 actor core. eactance windings 6] and 66 are 
energized from any suitab}e alternating current 
source such as winding 6a of transformer 
and are connected to any suitable full wave rec z 
tifier 
Variations in the current through control wind- 
55 ings  and 2 operate in a well known manner 
to preduce variations in the reactance of wind- 
ings 6] and 68 and thereby vary the voltage sup- 
plied fo rectifier ]4. Reactor 64 therefore consti- 
60 lutes variable impedance means connected to the 
field winding means of machine 6 for producing a 
voltage which is a measure of the excitation of 
machine 6. A resistor ]3 is connected across the 
direct current terminals of rectifier ]4 tobe ener- 
65 gized by a voltage wlich is a measure of the ex- 
citation of field winding  and machine 5. 
One terminal of resistor ]3 is connected fo a 
direct current terminal of rectifier 63 and the 
other terminal of resistor ]3 is connected fo a 
direct current terminal of rectifier 2. Owing to 
the connection of rectifiers 62, 63 and ], the volt- 
ages of rectifiers 63 and ] are of cumulative po- 
larity and oppose the voltage of rectifier 
A saturable reactor ]6 comprising two cotes 
and ]], two control windings ] and 79, and two 



fèàcane windings 8| and 8, is:provided for.am- 
plifying the difference betveen the voltage of. 
rectifier, 62and:the voltage of rectlfiers 6S and ?. 
Reactance: windings. 8  and 8 of rctor. 
energized for any stable alternating, current 
source,.preferably the sme source, which ener- 
gizes winngs_ 67 and 68 oï reactor 8S, namely,. 
secondary winn. 58« of transformer 49, through 
a.zesistor: $. A capacir  conneced, acros 
noEngs  and  serves supply pa ci - thé 
excitin crent, of windings $. d  $ te .give 
thezeacter. the desedcharacterisic. A-sui- 
able full/ ve rectifier $ is connected across 
resist0r $, and a resister. - is connected  the 
direct: current trmina]s of rectifier  and in the 
circuit-of fiid winn  te be thereby ener- 
gized by. a, recfied  voltage: proportional  the 
voltagedrop in rist 
Control. windings.78 d  of reactor. . are, 
connected:te: the positive terminals.of- rectifiers: 
 gnd.  and  are thereby energized by the dif- 
ferencebetween the voltageof-rectifiers 3 and- 
4: and the voltage of rectifier 62 Variations in 
the current traversing conol windings 78 and 
operate in a. well known manner te vary, the re- 
actance of windings 8 and.82 of reacr  and 
thereby vary the woltages- of resisors 8 and 
te supply- a vaTing voltage  field winding 
Cent.may fiow. in che direction through wind 
ing 8 windg: , resistor 3;.rester { and 
rectifier 62 such direction, being determined.by 
the-polarity:of rectifier 2: However, rectffier-6. 
preventsthe fio of cum'ent  such circuit inthe 
oppoSite direction, Reacr.- therore comti- 
tus variable-pedance means fferential re-. 
sponsive .twovoltages:oy when the first volt- 
age:is greater-than t.he second voltage for ener 
gizing acontrolling means. 
The relation between the in-phase compelent 
of loadcurrent as a functionof the mimumex- 
citation of machine  for stable operationofma- 
chine 6 is shown by the grap of Fig. 4, The 
aph shows that the minium excitation re. 
quired for stable operaion of macne  varies 
dict]y with the value of the in-phase 
nençcent supplied:by macne . 
operation, with machine  connected to load 
conducrs , 'and  as shown and with the ex 
citation of field .winding- 9 above the predet- 
mined mim: value, the-circuit elements are 
sò adjusted thatwhen thevoltage of machine 
has the desire:d value, the cores of transformers 
.6become saturated during pas of the voltage 
ccle.and the.voltage of field wding 6 is repre- 
,sented by a given.pot ' on cve -3 of Fig. 2. 
ILïfr any reason the voltageof macne  de- 
creases be!o.w the normal ale, the period0f 
sauration o£ the cores oï transformera 26 be 
comesshorer and the voltages oï-capáciters 
decreasemuchmoe than. the voltages, of wind- 
ings 25.and. 2.. Such_action increases the ffer 
ence.between the voltages of resis£ors 3.4. and3] 
andthereby $ncreases the differential.voltage ap- 
plied: fo field winding  in a direction to:- 
crease the, outDut voltageof.exciter . Exciter 
  thereby., causes an increase=in: the excitation of 
field winding 9, of  machine=  te prevent.the volt- 
age of.mhe  .rom dropping_ materia]].below. 
the normal value. 
When,the-voltage of. machine  increasesabo.ve 
the_ noal. atue the periods of saturatian of 
the cotes of transïormers 26, become longen and. 
the votages ,of. capaciters- 2. increase.much more 
han: the voltages of windings 2. an winding, 
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29, thereby decreasing or even.reversing.the_volt 
age« applied te field windings J to prevent the 
outp.ut voltage of machine 5 from materiallF 
ceeding.the desired value. 
5 If!: the. excitation of field winding 9 is at least 
equal te the minimum excitation required te. 
maintain machine 5 stable, as determined by the 
in-phase comportent of current in conducters 
7 and 6»:the sure ofthe voltages of rectifiers 
I0, and 7« wilt exceed the voltage of rectifier. 62. 
However, the: resultant of. such voltages, will n0t. 
cause: current: te. flow though control windings.. 
76- and 79of rector 7 because rectifier 62.blocks_ 
such_ a fiow. W.ith no current fiow in control. 
15 windins. 13 and-i» the reactance oï windings. 
 |, and:82remains high and very little voltage.ex- 
istsacross .resistor- 63 The rectified voltage 
pressed.on.resiste 67 in the circuit of. field wind 
ing [6: is: therefore-very, small nd has a neg_li. 
20 gible effect;upon.winding. | . 
Ho.we.ver, if-a-, lrge load is. suddenly removed: from machine/5;, the- voltage of machine 5: in. 
creases: and the regulater supplies to field wind. 
ing |5: a control voltage-which tends fo reduce 
25, the. excitation, of machine .5. If this action of 
the.regulater-tends te decrease the excitation, of 
machine: 5-below- the value required for stabilitF,: 
the -oitage prepoztional fo the in-phase current 
component will exceed the. voltage, propotional 
3O. to the:excitation.of, machine 5 and thevoltage of, 
r-ectifier 62 wi]l exceed the voltages impresséd on. 
resistors 7 |. 73ïrom rectifiers 3 and 74.,. thereby 
sending, a. curent, throug_h control windings. 
and. . of.: a magnitude depending- upon the 
35 amount ot_the:voltage excess. This fiow. of CUZr 
rent a!oerates, te lover the rectance: of windings= 
6| and 62. of:reacter. 5 and thereby increases.the.. 
voltages o resistors 8 and 87. Owing: to. the 
connections.of:recifler 66, the voltage impressed. 
4O, on.resister, 6: ïrom:rectifier 66 is of a polarity te. 
oppose a .control voltage, from.the regulater which 
tends fo: decrease: the excitation of machinel 
S/nce the maximum amplitude of a control_ volt- 
age of a polarity to decrease the excitation of ma-- 
45. chine  5: is: limited by rectifier 4, as shown: by 
curve-3 o-iroEg. 2 the voltageof resister 57 rapidiy, 
overcomes this control voltage of predetermined 
polarity andçincreases.the excitation of machine 
 te a value- at  least equal o that required for 
5O stable operation. 
Another condition under which the operation, 
ofmachine  may ,become unstable is when 
chine 5 is. operating: in. parallel with other ma-. 
chines.w, hichare:predominating in regulating:the 
55. voltage of circuit 6,. 7, 8. If the regulater of ma- 
chine 5 is set .for a lower valuethan the regulators 
of the other machines, if will impress on field. 
w-inding |6 a control voltage tending te reduce 
the excitation of machine 5 and such reductionin 
60 excitation cOuld lead te instability in machine. 
-n additionai condition under which the sta- 
bility .of machine- 5 may be threatened is when 
machine: 5 is supplying a line on which large. 
amounts of unswitched capacitance are used te. 
C5. maintain= the power factor of. the line af a. rea- 
sortable- valfle:in connection with a highly induc. 
tire. load When this inductive load is removed 
from. the line the unswitched capacitance- causes_ 
the_generater to supply current af a unity or even. 
leadingpower,facter and thereby causes the ma.- 
chine voltage-regulator te reduce the excitation 
of the machine te a possibly-dangerous: value. 
I-Iowever,.in bothof the above instances the mini- 
mum excitation control device of this invention 
olerates in a- manner similar te: that . described... 
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above in connection with the sudden removal of 
load from machine 5 to supply to field winding 
|5 a voltage to maintain the excitation of ma- 
chine 5 at least equal to the minimum value re- 
quired for stabillty. 
If reactors 65 and 5 were energized from dif- 
ferent power sources, in cse of filure of thë 
wer for rector , the minimum excittion 
control device would indic tht the in-phase 
crent component exceeded the mesure of ex- 
citation of mchine  nd would therefore supply 
 voltge to field winding  to crese the ex- 
citation of mchine $, with possible resultnt 
dmge to the system. By energizg both re- 
ctors from the sme source as described pre- 
viously, the possibility of such n occrence is 
elind. 
Although but one embodiment of the present 
invention hs been sho nd described, it will be 
pprent to those skiHed in the 
changes and modctio my be mde therein 
without deprting from the spit of the invention 
or from the scope of the ppended cls. 
Itis clamed nd desired to secure by Letters 
Ptent: 
1. In  reguling system for  dynmoelecric 
mchine conneced o  load ccui, he com- 
bustion of field winding mens ïor sid mchine, 
mens for supplying excittion current fo sid 
field winding means, conrol mens ïor conrollg 0 
he exciion of said field winding mens, mens 
including trnsïormer mean connted fo sid 
lord circuit for producg  firs voltage which is 
independent oï he volge of sid lord circui nd 
is proporionl fo he in-phase componen of he 5 
curren supplied by sid mchine o sid lord cir- 
cuit, rectifie" mens energized by sid firs volt- 
ge, firs variable impednce mens conneced 
sid field windg me for producing n ler- 
ning voltge proportioni fo the excittion oï 40 
sid field winding mens,  rectifier energized by 
sid lrnting volge ïor producing a second 
voltge, nd second vrible imdnce means 
differentilly responsive fo the voltges oï sid 
rectifier nd sid rectffier mens only when the 
volge oï sid recer mens exces he vol«ge 
of sid rectifier îor impressing on sid control 
mens a. voltge oï such polrity s fo increase 
he exciion oï sid field windg me 
minin said e;ciion bove 
minimum vlue. 
2. In  re!ting sysem for  dynmoelecric 
mchine connected fo  lord circuit, he com- 
bustion of mens for supplying excition cur- 
rent fo sid machine, mens resPonsive o vri- 
tions in he output voltge oï sid machine £rom 
 predeermined wlue for producing  conrol 
voltge hving  polriy nd mgniude depend- 
en upon he direction nd mgniuge of 
vritions, control mens responsive fo suid con- 
trol volge ïor controlling he exciion of Sid 
mchine, .rectifier mens connected fo said con- 
rol mens ïor limting the mpliude 
rol volge of  predetermined polriy  de- 
crease the excittion of sid machine, mens for 
producing  firs volge which is  mesure of 
 chrcerisic of the curren supplied b: sid 
. mchine o sid lord circuit, mens for producing 
 second volge which is  mesure of tloEe exci- 
tion oï sid mchine, nd mens differenilly 
responsive o sid firs nd sid second voliges 
only when sid st volge exceeds sid secon 
volge ïor pressing on sid conrol means 
volge opposing sid conrol volge of sid pre- 
. deermined' polrlty o muintin he excition 

of said machine above a predetermined minimum 
value. 
3. In a regulating system ïor a dynamoelectric 
machine connected to the conductors oï a three 
5 phase load circuit, the combination oî field wind- 
ing means ïor said machine, means ïor supplying 
excitation current te said field .winding means, a 
three phasetransformer having primary phase - 
windings-and secondary phase windings, said 
10 primary windings belng energized by a measure 
oï the output voltage of said machine, an auto- 
transïormer having terminals and a center tap, 
means connectlng said autotrans«ormer across 
two oï said secondary windings to impress on said 
autotransïormer a voltage in phase with the 
phase voltage oï one oï said conductors, Lmped- 
ance means, means ïor impressing on said im- 
pedance means a voltage which is a measure of 
the current in said Qne of said conductors, said 
impedance means being connected to said center 
tap, means connected to said impedance means 
and to said terminals for producing a first volt- 
age proportional to the in-phase component of 
the current supplied by said machine fo said one 
oï said corductors, means connected fo said field 
winding means ïor producing a second voltage 
proportional to the excitation of said machine, 
and control means differentially responsive to 
said first and second voltages only when said 
first voltage is greater than said second voltage 
for increasing the excitation of said machine to 
maintain said excitation above a predetermined 
minimum v.lue depending on the value of suid 
in-phase component. 
4. In a regulating system ïor a dynamoelectric 
machine connected to the conductors oï a three 
phase load circuit, the combination oï field wind- 
ing means ïor said machine, means îor supplying 
excitation current to said field winding means, a 
three phase transformer having primary phase 
windings and secondary phase windings, said 
primary windings being energized by a measure 
of the output voltage of said machine, an auto- 
transïormer having terminals and a center tap, 
means connecting said autotransïormer across 
two of said secondary windings to impress on 
said autotransformer a voltage in phase with the 
phase voltage oï one of said conductors, imped- 
ance means, means for impressing on said im- 
pedance means a voltage which is a measure of 
the current in said one oï said conductors, said 
impedance means being connected to said center 
tap, means connected fo said impedance means 
and to said terminals for producing a first volt- 
age proportional to a characteristic of the cur- 
rent supplied by said machine to said one oï said 
conductors, means connected to said field wind- 
ing means ïor producing a second voltage pro- 
portional to the excitation oï said machine, and 
control means differentially responsive fo said 
first and second voltages only when said first 
voltage is greater than said second voltage for 
increasing the excitation of said machine fo 
maintain said excitation above a predetermined 
minimum value. 
5. In a regulating system ïor a dynamoelectric 
machine co_nected to the conductors of a three 
phase load circuit, the combination of field wind- 
ing means ïor said machine, means ïor supplying 
excitation current to-said field winding means, a 
three phase ransïormer having primary phase 
windings and secondary phase windings, said 
primary phase, windings being connected tobe 
energized by a measure oï output voltage of said 
machine, an autotransformer having termiïals 
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_prducig.'a,econd '.voltage depenflent, pon 
-,curr.ent 'anfl +the woltage -05-said :lgad -circuit, 
means ,-combing said rst and second"volt- 
a o compensaefor saM-load«circt , élage 
to pruce a third voltage which is,substtiälly 
independent O,f -said loa circuit voltage :and 
"which is amesure-df the in-phase comportent-of 
the-current, supplied by saM machine o sai',load 
-circuit, mea +connected to"said-fiëld Win'ding 
meansfor-producing a feurth,vo!tage.whidh is a 
measure--df he excitation of said machine, .and 
cefitrO] means differenti-á]]F responsive to said 
thir.andfourh ço]taes o]y when.sai 4hird 

.'ledance-means,.second:means 'connected o-said -vo]tge exceeds.said.fourth.voltage..for.increasing 
impedance:means-and-another_of said finà]S-l -he excïaioa of said-machine-to mäintain"said 
fo oduce -crgss -saf "sacond "means -a vOae - xcitation above a predeined .mimum 
,,Opoional to 'the::oEerence '-betwe-the. volt_ value. 
:ages.oEïsaid impee-means-ad ofat "auto- :8. a regvJating..system"for a flynamoëlecric 
transformer, .means conntefl OEo :sàifl rst -d 'maChine, connecte o a ïoad Circuit, :he..com- 
-sid secondmeansff_prgduCig afirst-voltge ïO ,ination:Of fiê]dvnding meafoz said mache, 
'which is -a"mesure of"çhe/in-phe comPonent -means çfor «spp.lying exiçäion current..to 

:Of.thecurrent supplied by-said machine-to said 
load:circuit,-means conneCted..-sad-Ofield.wind. 
: ing-means-for-Preducing a second v.oltage, which 
, is-:a -measure of -the excitation Of-saitl -machine, 
gnl eontr.ol means ?differentially re_sponsive to 
said/irstand said :second: voltage -only When-said 
."first voltage exceeds.said, second :vO]tge :for in- 
- creasing the excifation.f said machine=fo main- 
tain:said excitation-ahowe -a:predeternlined mini- 
:mure -value dependin_g -on the 'value of, said in- 
"phase componnt. 
'6. In a regulating systemffor.adynmoéleetric 
machine connected fo .a load .circuit.,-the coin- 

fie]ït w:mding .,means, means  energized  by .a 
measure of the output :voltage-of said mactline 
'for producing a.control'voltage having a polarity 
and a magnitude dependent upon the sign-and 
:magnitude .of .variations in-said output:voltage 
.from =a ..predetermined .value, 'contro] :means 
responsie :tozsaid :conto] .voltag for contro]ling 
ttze :suppl-y _:o,f .:excitation current to -said +field 
wflding :means, means :connected -fo said., load 
.cD:cuit for .producing ca firt .vnltage .dependent 
..uponithe:c.uent and:the'v_otage ofsaidlud:cir- 
.:cuit, .:means .onnected .to .said load circuit=for 
::polucing::a ,second voltsge dependent.npon. the 

"bination of field_windin_g means for" sad- machine, 
meansYfor s.up.lyg exciation curr.ent fo, said 
ïfièld winding means, -means - zes.ponsive o" varia- 
'ioa `in the..output' lta_ge ot *said maChine :from 
-a predetermined :vaue for.-producin_g -a control 
voltage havin.g -a.polari_ty and znagnitude :depentl- 
er upon-fhe direction-s:rfd-mgnitude of said 
" variafions, contro:means-resloonsive-to saRl :con- 
trol voltge. OEor -coatrollin.gthe -supply -af excita- 

+35 .cnrrent and -the o]tage :of ,said  load circuit, 
 means fo.r .+combining-said first :and.:second .volt- 
.ges "fo :compensate. for -said.:load circ.ui$ voltage 
fo., poduce, a hird -volta.ge. which:is .ubs tantially 
.indpendent-of-:said load circuit voltage .and 
,40 .whichAs:a.measure .of .the in-phase comportent 
ebthe current supplied ,by said machine cio said 
]oad.circuit,-,means connected, to«saidfield wind- 
ing,.means for producing a fourth voltage .pmlo,r- 

-tion current.tosaidffieldwinding:means,.measur_ -.tional .to ,.the. excitation of-said .fie]d winding 
ing 'îïaeans conne.cted o said load circuit-Tor 5means, .means .differentia]ly responsive :fo .said 
-producing a:Iirst-¢olta:ge Whichis-a-measure.6f.a ' third-and.,fourth ,xoltages :on]y -when said third 
:charactelfiStic -of "he urrent .supp]id -by-said .o]ta_ge.exceeds .said:furth volfge.for impress- 

machine +to, +saidload circuit,-Iirst +and second 
 saturable -reacors +each .having a saturating 
winding-and +a rectance winding, a-common.5 
source Of .current.«for..the:ïeactance v¢intlings..,of ,, 
said first :and 'second-reactors, means connecting 
:the .sgturating -winding .6f:saifl first-reactor 
-aid.:fieldwinding .means for producing.a,second 
voltage which is a- measure 
..said m.achine, :means connected .:bétwen said :° 
 measurmg means ,and.+:-the .reactance Win/iing. of 
-said.'first reactor :for :enegizing the saturting 
wLuding .of said :second:eactor =with the :differ- 
once between said first;and said:secontl ,vltages 
:orJ]y when aid first voltage :exceeds;said:.second:60 
 vo]tage,:and.:means :respmsive- to:the .vo]tage of 
::thereactance-windings:o" said:sec.ond:reacor for 
:su!plying te said - contrOl : means +: a ¥oltage ':.to 
maintain the excitation of said mchine:above:a 
!oredetermined minimum v.alue-wheeby :uPon 
-ïilure "of said:common,-sonrce:said.control=means 
-axe,.res_ponsivi only .,to ,said :.cotrol -volage. 
7. ,In. a regulating.system ïor. a dynamoelectric 
..machine ,connected .£o :a 2oad ,circuit, .the.:.com- 
Jingtion o£/ield .winding meansfor saioEmachine, 
means ,,for .supplying xcitation current +to ,said 
fièld -winding .means, means, conected .o .said 

.ing on said control means .a .oltage of .such 
. po]arity as :fo increase-the, excitation of. said field 
winding.means to.maintain said excitationabove 
a predetermined minimum va]ue,depending npon 
the value of said in-phase component,-and a 
stabilizing ;transformer. having  a. prima ry wind- 
ing and  secondar.y.winding,.said primazy :wind- 
ing being. connecZed.to said.field ¢inding .means 
and .said secondary .winding .being connected to 
.said.contol means. 
9. +In a.regu]ating systemIor a.t!ynamoelectric 
machine connected fo the conductors of a load 
circuit, the combination Of/lïe]d winding .means 
for said machine, means.for supplying ecit.ation 
cnrrent to .said .fielit winding means, .means 
ener:gized by a.measure of the output voltage 
of said machine for producig a control voltage 
ha'ing-a polarity and .a magnitude dependent 
upon thesign and magnitude of variations in 
sakl output-voltage.from«a/predetermined value, 
contrO1 means ïesponsive fo said control voltage 
 for contrO]ting the supply dr excitation current 
to/said field winding +means, means connedted 
fo saïd load 'circuit for producing a first voltage 
proportionalto-the vector sure of a voltage .pro- 
portional fo the current in one of-said, conductors 

+ load circuit'for produing a +first voltage depend_ :of +saitl loafl -circUit +and the :voltage of +said con- 
_ent-upon-the current andthe v.oltage Of+saidload ductorto neutrl, means connectedto--said :load 
"circuit, means 'cormected-fo saittload circuit "for76 çircuit--.for producing a second.voltage :propor- 
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tional fo the vector difference between a voltage 
proportional to said current in said one con- 
ductor and said voltage of said conductor to 
neutral, means including rectifier means for 
producing a third voltage proportional to the 
difference between the absolute values of said 
first and said second ¥oltages, whereby said third 
voltage is substantially independent of the mag- 
nitude of said load circuit voltage and is a 
measure of the in-phase component of said load 
circuit current, means connected to said field 
winding means for producing a fourth voltage 
proportional to the excitation of said field wind- 
ing means, and raeans differentially responsive 
to said third and fourth voltages only when 
said third voltage exceeds said fourth voltage 
for impressing on said control means a voltage 
of such polarity as to increase the excitation 
of said lïeld winding means to maintain said 
excitation above a predetermined minimum yalue 
depending upon the value of said in-phase com- 
portent. 
10. In a regulating system for a dynamoelectric 
machine connected to the conductors of a load 
circuit, the combination of field winding means 
for said machine, means for supplying excitation 
current to said field .winding means, means 
energized by a measure of the output voltage 
of said machine for producing a control voltage 
having a polarity and a magnitude dependent 
upon the sign and magnitude of variations in 
said output voltage from a predetermined value, 
control rneans responsive to said control voltage 
for controlling the supply of excitation current 
to said field winding means, means including 
rectifier means connected to said control means 
for limiting the amplitude of said control volt- 
age when said control voltage has the prede- 
termined polarity which decreases the excitation 
of said lïeld winding means, means connected 

to said load circuit for producing a first voltage 
proportional to the vector sure of a voltage pro- 
portional to the current in one of said conduc- 
tors of said load circuit and the voltage of said 
5 conductor to neutral, means connected to said 
load circuit for producing a second voltage pro- 
portional fo the vector difference between a volt- 
age proportional to said current in said one con- 
ductor and said voltage of said conductor to 
10 neutral, means for producing a third voltage 
proportional to the diiïerence between the abso- 
lute values of said first and second voltages, 
whereby said third voltage la substantially in- 
dependent of the magnitude of said load circuit 
15 voltage and is a measure of the in-phase com- 
portent of the current in said load circuit, means 
connected to said field winding means for pro- 
ducing a fourth voltage proportional to the 
excitation of said lïeld winding means, means 
20 differentially responsive to said third and fourth 
voltages only when said third voltage exceeds 
said fourth voltage for impressing on said control 
means a voltage opposing said control voltage 
of said predetermined polarity to maintain the 
25 excitation of said machine above a predetermined 
minimum value, and a stabilizing transformer 
having a primary winding and a secondary wind- 
ing, said primary winding being connected to 
said field winding means and said secondary 
30 winding being c0nnected to said control means. 
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